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(57) ABSTRACT

An RF power transistor with a metal design (70) comprises a
drain pad (72) and a plurality of metal drain fingers (74)
extending from the drain pad, wherein at least one metal drain
finger comprises one or more sections of metal (74-1, 74-2,
100-1, 100-2, 100-3), each section of metal including of one
or more branch (54-1, 54-2, 116-1, 116-2, 116-11, 116-21,
116-41) of metal having a metal width maintained within a
bamboo regime.
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RF POWER TRANSISTOR DEVICE WITH
METAL ELECTROMIGRATION DESIGN AND
METHOD THEREOFK

BACKGROUND

The present disclosures relate to RF devices, and more
particularly, to an RF power transistor device with metal
clectromigration design and method thereof.

RF-LDMOS transistor designs have approached elec-
tromigration historically as an 1ssue to be solved by lowering,
current density. Such an approach leads to wider and wider
drain metal lines, which has the negative effect of increasing
device capacitances.

FIG. 1 1s a top down diagram view of a portion 10 of a top
metal design known 1n the art for an RF MOSFET. FIG. 2 1s
a cross-section view of the top metal design of FIG. 1, taken
along line 2-2. As shown in FIGS. 1 and 2, the portion of the
top metal design 10 includes two metal layers, Metal-1 and
Metal-2, designated by reference numerals 12 and 14, respec-
tively. Metal-1 layer 12 couples to the Metal-2 layer 14 with
ametal via 16. In addition, Metal-2 layer 14 1s separated from
the Metal-1 layer 12 by an interlevel dielectric layer 18. In
addition, the Metal-1 layer 12 has a width as indicated by
reference numeral 20. Metal-2 layer 14 has a width as 1ndi-
cated by reference numeral 22. In one example, width 20 for
Metal-11layer 12 1s onthe order o1 2.5 um and width and width
22 for Metal-2 layer 14 1s on the order of 11.2 um. The top
metal design 10 of FIG. 1 suffers from poor electromigration
characteristics of the Metal-2 layer, and thus resulting 1n an
inadequate electromigration MTTF (Mean Time To Failure).
Electromigration 1s a wear out mechanism with a log normal
tailure rate (1.e., failures are not uniformly distributed over
time).

In some LDMOS designs, gold 1s used which provides
better electromigration lifetimes inherently. However, the use
of gold prevents manufacture of the LDMOS product in stan-
dard CMOS {abs.

Accordingly, there 1s a need for an improved method and
apparatus for overcoming the problems 1n the art as discussed
above.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example and
not limited by the accompanying figures, 1n which like refer-
ences 1indicate similar elements, and 1n which:

FIG. 1 1s a top down diagram view of a portion of a top
metal design for an RF MOSFET known 1n the art;

FIG. 2 1s a cross-section view of the top metal design of
FIG. 1, taken along line 2-2;

FI1G. 3 1s a top down diagram view of a portion of a metal
design for an RF power transistor having drain metal finger
branch widths within the Bamboo regime according to an
embodiment of the present disclosure;

FIG. 4 1s a cross-section view of the metal design of FIG. 3,
taken along line 4-4;

FIG. 5 15 a top down diagram view of a portion of a metal
design for an RF power transistor having drain metal finger
branch widths within the Bamboo regime according to one
embodiment of the present disclosure;

FIG. 6 1s an enlarged view of a portion of the top down
diagram view of FI1G. 5 to 1llustrate greater detail of the drain
metal finger branches; and

FI1G. 7 1s a top down diagram view of a single finger of a
metal design for an RF power transistor having drain metal
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2

finger branch widths within the Bamboo regime according to
another embodiment of the present disclosure.

The use of the same reference symbols in different draw-
ings indicates similar or 1dentical items. Skilled artisans will
also appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to
scale. For example, the dimensions of some of the elements 1n
the figures may be exaggerated relative to other elements to
help improve the understanding of the embodiments of the
present invention.

DETAILED DESCRIPTION

FIG. 3 1s a top down diagram view of a portion 50 of a metal
design for an RF power transistor having drain metal finger
branch widths within the Bamboo regime according to an
embodiment of the present disclosure. In particular, the por-
tion S0 comprises one end of a single RF power transistor
drain finger. FIG. 4 1s a cross-section view of the metal design
of FIG. 3, taken along line 4-4. As shown 1n FIGS. 3 and 4, the
portion of the metal design 50 includes two metal layers.
Metal-1 1s designated by reference numeral 52. Metal-2 1s
designated by reference numerals 54-1, 54-2, and 54-3, col-
lectively referred to herein by 54. Metal-2 layer 54-1 forms
one branch of one section of an RF power transistor drain
finger and Metal-2 layer 54-2 forms another branch of the one
section of the finger, wherein the RF power transistor drain
finger extends from a low current carrying end to a higher
current carrying end, as will be discussed further herein
below. In other words, for the given section of the drain finger,
Metal-2 layer 54-1 and layer 54-2 comprise two parallel metal
lines. In addition, a portion of Metal-2 layer 54-3 couplesto a
first branch and to a second branch of the given section of the
RF power transistor drain finger. The portion of Metal-2 layer
indicated by reference numeral 54-3 1s coupled to Metal-1
layer 52 with metal via 56. In FIG. 3, the interlevel dielectric
58 (FIG. 4) 1s not being shown and therefor a portion of
Metal-1 layer 52 appears 1n solid lines in FIG. 3 and another
portion appears in phantom, denoting that the corresponding
portion ol Metal-1 layer 52 appears at a level below Metal-2
layer 54. Similarly, 1n FIG. 3, metal via 56 1s shown 1n phan-
tom lines.

In one embodiment, Metal-2 layer 54 1s the top metal layer
of the metal design 50. Additional metal layers (not shown)
may also be used, wherein the specific number of layers 1s
determined according to a given RF power transistor design.
As mentioned, Metal-1 layer 52 couples to the Metal-2 layer
54 with a metal via 56. In addition, Metal-2 layer 54 1is
separated from the Metal-1 layer 52 by an interlevel dielectric
layer 58. Furthermore, the Metal-1 layer 52 has a width as
indicated by reference numeral 60. The branches 54-1 and
54-2 of Metal-2 layer 54 include widths as indicated by ret-
erence numeral 62-1 and 62-2, respectively. In one embodi-
ment, the widths 62-1 and 62-2 are on the same order, equal,
or substantially equal. In another embodiment, the widths
62-1 and 62-2 are dissimilar, for example, 1n the case of a
non-symmetrical RF power transistor device. In either case,
the widths 62-1 and 62-2 are configured so that the metal
conductors are 1n the bamboo regime. In other words, widths
62-1 and 62-2 are selected such that the width of each branch
1s smaller than an average grain size of the metal being used
for that branch, wherein the metal branch width 1s maintained
in the bamboo regime.

In one example, the width 60 for Metal-1 layer 52 1s on the
order of two-and-a-half microns (2.5 um) and widths 62-1
and 62-2 for Metal-2 layer 54-1 and 54-2, respectively, are on
the order of five microns (5.0 um). In addition, the Metal-1




US 7,525,152 B2

3

layer thickness 1s on the order of 1.5 um and the thickness of
the Metal-2 layer 1s on the order of 3.6 um. In one embodi-
ment, Metal-2 layer 54 comprises aluminum and the branch
widths 62-1 and 62-2 place branches 52-1 and 52-2 1in the
bamboo regime. Accordingly, the top metal design 50 of FIG.
3 does not sulfer from poor electromigration characteristics
of the Metal-2 layer, and thus provides an improved elec-
tromigration MTTF (Mean Time To Failure).

Black’s equation, which governs electromigration MTTFE,
1S:

MTTF=(A4/7)exp(D/kT), where

A=process constant, function of metal material and geo-
metric properties

J=current density

d=activation energy for process

k=Boltzmann’s constant

T=conductor temperature.

The embodiments of the present disclosure make use of
Black’s equation, in that the metal design layout embodi-
ments of the present disclosure have a direct influence on
variables A, J, and T. In other words, the embodiments of the
present disclosure comprise novel metal designs configured
to significantly enhance the electromigration characteristics
of the metal of the metal design. In addition, the metal lines of
the metal design are maintained in the bamboo regime.

A historical electromigration strategy has been to charac-
terize relatively wide metal lines that avoid narrow line
enhancement elfects, 1.e., to avoid the so-called “bamboo”
regime. However, the historical design 1s a worst-case
approach that simplifies top metal design. Furthermore, no
matter what linewidth 1s used, the actual MTTF of the his-
torical design will be no worse than, and for most lines greater
than, the calculated MTTF.

In contrast, according to the embodiments of the present
disclosure, the metal design incorporates relatively narrow,
parallel metal conductors to ensure bamboo regime opera-
tion. As a result, the metal design according to the embodi-
ments of the present disclosure dramatically enhances the
clectromigration robustness of the drain metal design. Fur-
thermore, the embodiments of the present disclosure can be
used to produce RF power transistor devices or RF LDMOS
devices that are extremely reliable. In one embodiment, the
metal design 1s a top metal design.

For a calculated reliability, calculated with a linear failure
rate approximation, using the top metal design of FIG. 3, for
an RF MOSFET output stage at 900 MHz at a given set of
rated operating conditions (Pout=89.1 W, mndc=49%,
Gain=19 dB, 8JC=0.45° C./W. Tcase=95° C., and T3=138°
C.), resulted 1n a calculated MTTF of 1160 years. In contrast,
for a calculated reliability of a historical design of FIG. 1 at
rated operating conditions, resulted 1n a calculated MTTF of
361 years. Accordingly, the embodiments of the present dis-
closure provide an MTTF that 1s dramatically improved over
the MTTF of the historical design.

FIG. 5 1s a top down diagram view of a portion 70 of a metal
design for an RF power transistor having drain metal finger
branch widths within the Bamboo regime according to one
embodiment of the present disclosure. As shown in FIG. 5, the
metal design includes a drain pad 72 having a plurality of
drain fingers 74, each drain finger extending from a distal end
76 to a proximate end 78. The distal end 76 of drain finger 74
1s configured for a first current density remote from the drain
pad 72, whereas the proximate end 78 i1s configured for a
second current density proximate the drain pad 72, wherein
the second current density 1s higher than the first current
density. The particular current densities, as well as the num-
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4

ber of drain fingers, are determined according to the require-
ments of a given RF power transistor design application. For
example, 1n one embodiment, the number of fingers 74 1s
one-hundred and thirty (130).

Further with respect to FIG. 5, the metal design 70 includes
a gate pad 80 having a plurality of gate fingers generally
indicated by reference numeral 82. Each gate finger 82
extends from a distal end to a proximate end. The distal end of
the gate finger 82 1s remote from the gate pad 80, whereas the
proximate end 1s proximate the gate pad 80. Each gate finger
82 further includes portions 84 that protrude perpendicular to
the principal finger, wherein each protruding portion couples
to an underlying portion of a gate electrode.

Reterring still to FIG. §, reference numeral 90 highlights a
portion ol metal design 70, to be further discussed with
respect to FIG. 6. In particular, FIG. 6 1s an enlarged view of
portion 90 of the top down diagram view of FIG. 5 to illustrate
greater detail of the drain metal finger branches 74. As noted
above, each drain finger 74 extends from a distal end 76 to a
proximate end 78, 1.e., proximate the drain pad 72. Drain
current of the corresponding RF power transistor device (not
shown) passes through each drain finger 74, 1n the direction of
the drain pad 72 as indicated by the arrow 92. In addition, the
current density at the distal end 76 1s less than the current
density at the proximate end 78 of a drain finger.

In the embodiment of FIG. 5, each drain finger 74 includes
a first section (or segment) 74-1 and a second section (or
segment) 74-2. Note that while only two sections are shown,
additional sections are also possible, wherein the number of
sections depends upon the particular requirements of a given
RF power transistor application. The transition between the
first section 74-1 and the second section 74-2 1s indicated by
reference numeral 94. Each section of the drain finger 74 1s
designed to handle up to a certain maximum current density.
Transition region 94 represents an end to the first section and
a beginning of the second section. In one embodiment, the
current density capacity of first section 74-1 at transition
region 94 corresponds to an upper limit to the maximum
current density for the first section 74-1. No additional tran-
sition regions are present in the illustrated drain fingers 74 of
FIGS. 5 and 6, since the second section 74-2 1s sufficient for
handling the maximum current density of current accumu-
lated along the entire finger, from the distal end 76 to the
proximate end 78. Accordingly, each of the drain finger sec-
tions has a length dimension such that the maximum current
density allowable, further with respect to a cumulative metal
line width for the corresponding section of the drain finger, 1s
not exceeded.

For example, arrows 96 are each representative of a given
density of drain current. The first section 74-1 of drain finger
74 1s capable of handling four quantities of the drain current
represented by arrows 96. The second section 74-2 1s capable
of handling a total of eight quantities of the drain current
represented by arrows 96, four quantities of which were accu-
mulated by the first section 74-1.

FIG. 7 1s a top down diagram view of a single finger 100 of
a metal design for an RF power transistor having drain metal
finger branch widths within the Bamboo regime according to
another embodiment of the present disclosure. As shown 1n
FIG. 7, drain finger 100 extends from a distal end 102 to a
proximate end 104 (1.e., proximate end 104 being proximate
a drain pad of an RF power transistor device (not shown)).
The distal end 102 of drain finger 100 1s configured for a first
current density remote from the drain pad (not shown),
whereas the proximate end 104 1s configured for a different
current density proximate the drain pad (not shown), wherein
the current density at the proximate end 1s higher than the
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current density at the distal end. Drain current of a corre-
sponding RF power transistor device (not shown) passes
through each section of drain finger 100, 1n the direction of the
drain pad, wherein the current density at the distal end 102 1s
less than the current density at the proximate end 104 of the
drain finger.

In the embodiment of FIG. 7, drain finger 100 includes a
first section (or segment) 100-1, a second section (or seg-
ment) 100-2, and a third section (or segment) 100-3. Note that
while only three sections are shown, additional sections are
also possible, as indicated by the ““. . . ” and reference numeral
106, wherein the number of sections depends upon the par-
ticular requirements of a given RF power transistor applica-
tion. The transition between the first section 100-1 and the
second section 100-2 1s indicated by reference numeral 108.
The transition between the second section 100-2 and the third
section 100-3 1s mdicated by reference numeral 110. Each
section of the drain finger 100 1s designed to handle (or have
a current density capacity) up to a certain maximum current
density. Transition region 108 represents an end to the first
section and a beginning of the second section. In one embodi-
ment, the current density capacity of first section 100-1 at
transition region 108 corresponds to an upper limit to the
maximum current density for the first section 100-1. In addi-
tion, the current density capacity of second section 100-2 at
transition region 110 corresponds to an upper limit to the
maximum current density for the second section 100-2. No
additional transition regions are present in the illustrated
drain finger 100 of FIG. 7, since the third section 100-3 is
suificient for handling the maximum current density of cur-
rent accumulated along the entire finger, {rom the distal end to
the proximate end, for a given embodiment. Accordingly,
cach of the drain finger sections has a length dimension such
that the maximum current density allowable, further with
respect to a cumulative metal line width for the corresponding,
section of the drain finger, 1s not exceeded.

For example, arrows 112 are each representative of a given
density of drain current. The first section 100-1 of drain finger
100 1s capable of handling four quantities of the drain current
represented by arrows 112. The second section 100-2 1s
capable of handling a total of eight quantities of the drain
current represented by arrows 112, four quantities of which
were accumulated by the first section 100-1. In addition, the
third section 100-3 1s capable of handling a total of twelve
quantities of the drain current represented by arrows 112, four
quantities ol which were accumulated by the first section
100-1, and four quantities of which were accumulated by the

second section 100-2. In this example, each arrow 112 repre-
sents a similar amount of drain current.

Further with respect to FIG. 7, the first section 100-1 com-
prises two metal layers, Metal-1 (shown 1n phantom lines)
indicated by reference numeral 114 underlying Metal-2,
which 1s designated by reference numeral 116. Metal-2 layer
116 forms one section 100-1 of RF power transistor drain
finger 100. Metal-2 layer 116 1s coupled to an underlying
Metal-1 layer 114 with metal via 118 (shown in phantom
lines). In addition, an interlevel dielectric 120 1s disposed
between the first and second metal layers.

Further as shown 1n FIG. 7, the second section 100-2 of
drain finger 100 comprises two metal layers, similar to that as
described with respect to the portion 50 of metal design of
FIG. 3. In particular, Metal-1 1s designated by reference
numeral 114, and 1s a continuation of the Metal-1 of the first
section 100-1. Metal-2 1s designated by reference numerals
116-1, 116-2, and 116-3, collectively referred to herein by
116. Metal-2 layer 116-1 forms one branch of section 100-2
of the drain finger 100 and Metal-2 layer 116-2 forms another
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branch of section 100-2 of the drain finger 100. In other
words, for section 100-2 of the drain finger 100, Metal-2 layer
116-1 and layer 116-2 comprise two parallel metal lines. In
addition, a portion of Metal-2 layer 116-3 couples to the first
branch and the second branch of section 100-2 of the RF
power transistor drain finger. The portion of Metal-2 layer
indicated by reference numeral 116-3 1s coupled to Metal-1
layer 114 with metal via 118-2. In FIG. 7, the interlevel
dielectric 120 1s shown and therefor Metal-1 layer 114 within
section 100-2 appears 1n phantom, denoting that the corre-
sponding portion of Metal-1 layer 114 appears at a level that
1s below Metal-2 layer 116. Similarly, in FIG. 7, metal via
118-2 1s shown in phantom lines.

Still further as shown 1n FIG. 7, the third section 100-3 of
drain finger 100 comprises two metal layers, similar to that as
described with respect to the portion 50 of top metal design of
FIG. 3. Metal-1 1s designated by reference numeral 114, and
1s a continuation of the Metal-1 of the second section 100-2,
with the exception that now Metal-1 comprises two parallel
lines of metal. In another embodiment, Metal-1 layer 114 of
the third section 100-3 could also be a single line continuation
of the Metal-1 line of the second section 100-2, wherein the
Metal-1 layer would occur below branch 116-41 and be
coupled to Metal-2 layer 116 with a suitable via, similar to

118-3. Metal-2 1s designated by reference numerals 116-11,
116-21,116-31, and 116-41 collectively referred to herein by

116. Metal-2 layer 116-11 forms one branch of section 100-3
of the drain finger 100, Metal-2 layer 116-21 forms another
branch of section 100-3 of the drain finger 100, and Metal-2
layer 116-41 forms yet another branch of section 100-3 of the
drain finger 100. In other words, for section 100-3 of the drain
finger 100, Metal-2 layer 116-11, layer 116-41, and layer
116-21 comprise three parallel metal lines. In addition, two
portions of Metal-2 layer 116-31 couple to the first branch,
the second branch, and the third branch of section 100-3 of the
RF power transistor drain finger 100, as shown. The portions
of Metal-2 layer indicated by reference numeral 116-31 are
coupled to Metal-1 layer 114 with metal vias 118-3. In FI1G. 7,
the mterlevel dielectric 120 1s shown and therefor Metal-1
layer 114 within section 100-3 appears in phantom, denoting
that the corresponding portion of Metal-1 layer 114 appears at
a level that 1s below Metal-2 layer 116. Similarly, in FIG. 7,
metal vias 118-3 are shown in phantom lines.

In one embodiment, Metal-2 layer 116 1s the top metal
layer of the metal design drain finger 100. Additional metal
layers (not shown) may also be used, wherein the specific
number of layers 1s determined according to a given RF power
transistor design. In addition, i another embodiment,
Metal-2 layer 116 could comprise a metal layer other than the
top metal layer. As mentioned, Metal-1 layer 114 couples to
the Metal-2 layer 116 with metal vias 118. In addition,
Metal-2 layer 116 1s separated from the Metal-1 layer 114 by
an 1nterlevel dielectric layer 120. In addition, the Metal-1
layer 114 has a given width. The branches of Metal-2 layer
116 include given widths. In one embodiment, the widths of
the branches of Metal-2 layer 116 are on the same order,
equal, or substantially equal. In particular, the branch widths
of Metal-2 layer 116 are configured so that the metal conduc-
tors are in the bamboo regime. In other words, the branch
widths of Metal-2 layer 116 are selected such that the width of
cach branch 1s smaller than an average grain size of the metal
being used for that branch, wherein the metal branch width 1s
maintained in the bamboo regime.

In addition, the width(s) of the Metal-2 layer 116 1n a
transition region (for example region 108 or 110) between
adjacent sections of the drain finger will vary from a first
width(s) at a distal end 122 to a second width at a proximate
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end 124. The first width(s) corresponds to a metal branch
width needed to maintain the metal line 1 the bamboo
regime. For any given transition region, the second width 1s
determined as a function of the number of branches contained
in the subsequent section. In other words, the second width 1s
suificient for accommodating the total widths of the nitial
portions (1.e., corresponding to the lower current density end)
ol the branches contained 1n the next section of the drain
finger. Note also that the particular shape of the transition
region(s) can be of a shape or shapes other than what 1s shown
in the figures.

According to one embodiment of the present disclosure,
there 1s provided an RF power transistor with a metal design
comprising a drain pad and a plurality of metal drain fingers
extending from the drain pad, wherein at least one metal drain
finger comprises one or more sections of metal, each section
of metal including one or more branch of metal having a metal
width maintained within a bamboo regime. The metal width
tor the bamboo regime comprises a width that 1s smaller than
an average grain size ol the metal of the drain finger. In one
embodiment, the at least one metal drain finger can comprise
a first section of metal and a second section of metal, the first
section of metal being distal from the drain pad and the
second section being proximate the drain pad. Furthermore,
the first section of metal can comprise a single branch of metal
and the second section of metal can comprise two parallel
branches of metal. In another embodiment, the metal drain
fingers comprise a top metal.

According to another embodiment, the metal drain finger
comprises a number of sections ol metal, each section of
metal including one or more branch of metal having a metal
width maintained within the bamboo regime and wherein for
any two succeeding sections, a distal section of the two con-
tains at least one less branch than a proximate section of the
two. In addition, the metal drain finger can comprise three
sections of metal, a first section having one branch and being
coupled to a second section having two parallel branches, the
second section further being coupled a third section having
three parallel branches. Furthermore, the first section 1s distal
from the drain pad and the third section 1s proximate the drain
pad.

According to still another embodiment, an RF power tran-
sistor with a metal design comprises a drain pad and a plural-
ity of metal drain fingers extending from the drain pad. Each
metal drain finger comprises one or more sections of metal,
cach section of metal including of one or more branch of
metal having a metal width maintained within a bamboo
regime, wherein the metal width for the bamboo regime com-
prises a width that 1s smaller than an average grain size of the
metal of the drain finger. In another embodiment, the metal
drain finger comprises a first section of metal and a second
section of metal, the first section ol metal being distal from the
drain pad and the second section being proximate the drain
pad. Furthermore, the first section of metal can comprise a
single branch of metal and the second section of metal can
comprise two parallel branches of metal.

According to vet another embodiment, the metal drain
finger comprises a number of sections of metal, each section
of metal including one or more branch of metal having a metal
width maintained within the bamboo regime and wherein for
any two succeeding sections, a distal section of the two con-
tains at least one less branch than a proximate section of the
two. In a further embodiment, the metal drain finger can
comprise three sections of metal, a first section having one
branch and being coupled to a second section having two
parallel branches, the second section further being coupled a
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third section having three parallel branches. Still further, the
first section 1s distal from the drain pad and the third section
1s proximate the drain pad.

According to a further embodiment, there 1s provided a
method of making an RF power transistor with a metal design.
The method comprises providing a drain pad and extending a
plurality of metal drain fingers from the drain pad. Atleast one
metal drain finger comprises one or more sections of metal,
cach section of metal including one or more branch of metal
having a metal width maintained within a bamboo regime. In
one embodiment, the metal width for the bamboo regime
comprises a width that 1s smaller than an average grain size of
the metal of the drain finger. In another embodiment, extend-
ing includes extending at least one metal drain finger that
includes a first section of metal and a second section of metal,
the first section of metal being distal from the drain pad and
the second section being proximate the drain pad. In addition,
the first section of metal can include a single branch of metal
and the second section of metal can include two parallel
branches of metal.

In yet another embodiment, extending the metal drain fin-
ger comprises extending a number of sections of metal, each
section of metal including one or more branch of metal having
a metal width maintained within the bamboo regime and
wherein for any two succeeding sections, a distal section of
the two contains at least one less branch than a proximate
section of the two. Furthermore, extending the metal drain
finger can comprise extending three sections of metal, a first
section having one branch and being coupled to a second
section having two parallel branches, the second section fur-
ther being coupled a third section having three parallel
branches, still further wherein the first section 1s distal from
the drain pad and the third section 1s proximate the drain pad.

According to the embodiments of the present disclosure,
rather than have a single metal drain line which lowers current
density to a level which achieves a certain level of electromi-
gration lifetime, the drain finger metal line 1s divided 1nto two
or more parallel narrower lines. The widths of these narrow
lines are designed to ensure that the lines operate in the
bamboo regime (1.e. the linewidth 1s less than the mean grain
s1ize of the metal being used for the metal line). As the lin-
ewidths of the metal lines enter the bamboo regime, their
corresponding electromigration lifetimes increase dramati-
cally since there are fewer migration pathways along grain
boundaries. In one embodiment, the metal lines comprise
aluminum or any other metal selected according to the
requirements of a given RF power transistor application.

The embodiments of the present disclosure advanta-
geously allow equivalent electromigration lifetimes to be
achieved with narrower linewidths avoiding capacitance pen-
alties that degrade RF performance, or for an equivalent total
drain linewidth, the lifetime can be dramatically improved,
thus improving reliability.

In the foregoing specification, the disclosure has been
described with reference to the various embodiments. How-
ever, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the present embodiments as set forth 1n the
claims below. Accordingly, the specification and figures are to
be regarded in an illustrative rather than a restrictive sense,
and all such modifications are intended to be included within
the scope of the present embodiments. For example, one
embodiment of the present disclosure includes an RF-LD-
MOS 125 W power transistor used for example, in a mobile
communication device or the like. The embodiments of the
present disclosure can also apply to any suitable RF MOSFET
devices.
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Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential feature or ele-
ment of any or all the claims. As used herein, the term “com-
prises,” “comprising,” or any other vanation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
clements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus.

What is claimed 1s:

1. An RF power transistor with a metal design comprising:

a drain pad; and

a plurality of metal drain fingers extending from the drain

pad, wherein at least one metal drain finger comprises
one or more sections of metal, each section of metal
including one or more branch of metal having a metal
width maintained within a bamboo regime, wherein the
at least one metal drain finger comprises a first section of
metal and a second section of metal, the first section of
metal being distal from the drain pad and the second
section being proximate the drain pad, further wherein
the first section of metal comprises a single branch of
metal and the second section of metal comprises two
parallel branches of metal.

2. The RF power transistor of claim 1, wherein the metal
width for the bamboo regime comprises a width that 1s
smaller than an average grain size of the metal of the drain
finger.

3. The RF power transistor of claim 1, wherein the metal
drain fingers comprise a top metal.

4. An RF power transistor with a metal design comprising:

a drain pad; and

a plurality of metal drain fingers extending from the drain

pad, wherein at least one metal drain finger comprises
one or more sections of metal, each section of metal
including one or more branch of metal having a metal
width maintained within a bamboo regime, wherein the
at least one metal drain finger comprises a number of
sections of metal, each section of metal including one or
more branch of metal having a metal width maintained
within the bamboo regime and wherein for any two
succeeding sections, a distal section of the two contains
at least one less branch than a proximate section of the
two.

5. The RF power transistor of claim 4, wherein the at least
one metal drain finger comprises a first section of metal and a
second section of metal, the first section of metal being distal
from the drain pad and the second section being proximate the
drain pad.

6. The RF power transistor of claim 5, further wherein the
first section of metal comprises a single branch of metal and
the second section of metal comprises two parallel branches
of metal.

7. The RF power transistor of claim 4, further wherein the
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a second section having two parallel branches, the second
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branches.

8. The RF power transistor of claim 7, still further wherein
the first section 1s distal from the drain pad and the third
section 1s proximate the drain pad.
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9. An RF power transistor with a metal design comprising:

a drain pad; and

a plurality of metal drain fingers extending from the drain

pad, wherein each metal drain finger comprises one or
more sections of metal, each section of metal including
of one or more branch of metal having a metal width
maintained within a bamboo regime, wherein the metal
width for the bamboo regime comprises a width that 1s
smaller than an average grain size of the metal of the
drain finger, wherein at least one of the metal drain
fingers comprises a first section of metal and a second
section of metal, the first section of metal being distal
from the drain pad and the second section being proxi-
mate the drain pad, further wherein the first section of
metal comprises a single branch of metal and the second
section of metal comprises two parallel branches of
metal.

10. The RF power transistor of claim 9, further wherein at
least one of the metal drain fingers comprises three sections of
metal, a first section having one branch and being coupled to
a second section having two parallel branches, the second
section further being coupled a third section having three
parallel branches.

11. The RF power transistor of claim 10, still further
wherein the first section 1s distal from the drain pad and the
third section 1s proximate the drain pad.

12. An RF power transistor with a metal design compris-
ng:

a drain pad; and

a plurality of metal drain fingers extending from the drain

pad, wherein each metal drain finger comprises one of
more sections of metal, each section of metal including
of one or more branch of metal having a metal width
maintained within a bamboo regime, wherein the metal
width for the bamboo regime comprises a width that 1s
smaller than an average grain size of the metal of the
drain finger, wherein at least one of the metal drain
fingers comprises a number of sections of metal, each
section of metal including one or more branch of metal
having a metal width maintained within the bamboo
regime and wherein for any two succeeding sections, a
distal section of the two contains at least one less branch
than a proximate section of the two.

13. The RF power transistor of claim 12, wherein at least
one of the metal drain fingers comprises a first section of
metal and a second section of metal, the first section of metal
being distal from the drain pad and the second section being
proximate the drain pad.

14. The RF power transistor of claim 13, further wherein
the first section of metal comprises a single branch of metal
and the second section of metal comprises two parallel
branches of metal.

15. A method of making an RF power transistor with a
metal design comprising:

providing a drain pad; and

extending a plurality of metal drain fingers from the drain

pad, wherein at least one metal drain finger comprises
one or more sections of metal, each section of metal
including one or more branch of metal having a metal
width maintained within a bamboo regime, wherein
extending includes extending at least one metal drain
finger that includes a first section of metal and a second
section of metal, the first section of metal being distal
from the drain pad and the second section being proxi-
mate the drain pad, further wherein the first section of
metal includes a single branch of metal and the second
section of metal includes two parallel branches of metal.
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16. The method of claim 15, wherein the metal width for 18. The method of claim 17, further wherein extending the
the bamboo regime comprises a width that 1s smaller than an at least one metal drain finger comprises extending three
average grain size of the metal of the drain finger. sections of metal, a first section having one branch and being

17. A method of making an RF power transistor with a
metal design comprising: 5

providing a drain pad; and

extending a plurality of metal drain fingers from the drain

coupled to a second section having two parallel branches, still
turther wherein the first section 1s distal from the drain pad
and the third section 1s proximate the drain pad.

pad, wherein at least one metal drain finger comprises 19. The method of claim 17, wherein extending includes
one or more sections of metal, each section of metal extending at least one metal drain finger that includes a first
including one or more branch of metal having a metal 10 section of metal and a second section of metal, the first section
width maintained within a bamboo regimej and wherein ol metal being distal from the drain pad and the second
extending the at least one metal drain finger comprises section being proximate the drain pad.

extending a number of sections of metal, each section of
metal mcluding one or more branch of metal having a
metal width maintained within the bamboo regime and 15
wherein for any two succeeding sections, a distal section
of the two contains at least one less branch than a proxi-
mate section of the two. ok ok &k

20. The method of claim 19, further wherein the first sec-
tion of metal includes a single branch of metal and the second
section of metal includes two parallel branches of metal.
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